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FIG. 3A
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FIG. 3B
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SEMICONDUCTOR PACKAGE AND POP
TYPE PACKAGLEL

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of Korean Patent
Application No. 10-2019-0146960, filed on Nov. 15, 2019,
in the Korean Intellectual Property Oflice, the disclosure of
which 1s 1ncorporated herein in 1ts entirety by reference.

BACKGROUND

Inventive concepts relate to a semiconductor package and
a package-on-package (PoP) type package, and more par-
ticularly, to a semiconductor package and a PoP type pack-
age both of which are capable of smoothly discharging heat
generated from a semiconductor device located at a lower
part thereof.

Along with the increase 1n the operating speed of a
semiconductor element, heat generated from the semicon-
ductor element has also increased. Unless the generated heat
1s smoothly dissipated from the semiconductor element, a
semiconductor device including the semiconductor element
may be damaged or the performance thereof may decrease.
Theretfore, there 1s demand for a method of quickly dissi-
pating the generated heat from the semiconductor element to
keep the reliability of the semiconductor element and enable
a smooth operation of the semiconductor element. In par-
ticular, when heat generated from a lower package 1n a PoP
type semiconductor package 1s not quickly dissipated, the
heat may be accumulated in the lower package, thereby
damaging the lower package or aflecting the performance
thereof.

SUMMARY

Inventive concepts provide a semiconductor package
capable of smoothly dissipating heat generated from a
semiconductor device.

Inventive concepts also provide a package-on-package
(PoP) type package capable of smoothly dissipating heat
generated from a semiconductor device located at a lower
part thereof.

According to an embodiment of mmventive concepts, a
semiconductor package includes a first package substrate; a
first semiconductor device on the first package substrate; a
second package substrate on an upper part of the first
semiconductor device; and a heat-dissipating material layer
between the first semiconductor device and the second
package substrate. The heat-dissipating material layer has a
thermal conductivity of approximately 0.5 W/m-K to
approximately 20 W/m'K. The heat-dissipating material
layer 1s 1n direct contact with an upper surface of the first
semiconductor device and a conductor of the second pack-
age substrate.

According to another embodiment of inventive concepts,
a package-on-package (PoP) type package includes a first
package, a second package on an upper part of the first
package, and a heat-dissipating material layer. The first
package includes a first semiconductor device on a first
package substrate. The second package includes a second
semiconductor device on a second package substrate. The
second package substrate includes: a core layer; an upper
wiring extending on an upper surface of the core layer; a
lower wiring extending on a lower surface of the core layer;
an upper insulator layer covering the upper surface of the
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2

core layer and at least a portion of the upper wiring; and a
lower insulator layer covering the lower surface of the core
layer and at least a portion of the lower wirning. The
heat-dissipating material layer 1s 1n physical contact with the
exposed lower wiring through the lower msulator layer and
an upper surface of the first semiconductor device. The
lower insulator layer exposes the lower wiring at least
partially to provide an exposed lower wiring.

According to another embodiment of inventive concepts,
a package-on-package (PoP) type package including a first
package, a second package on an upper part of the first
package, and a heat-dissipating material layer between the
first package substrate and the second package substrate.
The first package includes a first semiconductor device on a
first package substrate. The second package includes a
second semiconductor device on a second package substrate.
The first package substrate includes a first core layer, a first
upper pad on an upper part of the first core layer, and a first
lower pad on a lower part of the first core layer. The second
package substrate includes a second core layer; a second
upper pad on an upper part of the second core layer; a second
lower pad on a lower part of the second core layer; a lower
wiring extending on the lower part of the second core layer;
a lower msulator layer forming a lower surface of the second
package substrate while exposing the lower wiring at least
partially to provide an exposed lower wiring. The heat-
dissipating material layer includes a polymer matrix and
insulating 1norganic particles dispersed in the polymer
matrix. A thermal conductivity of the insulating 1norganic
particles 1s 10 times a thermal conductivity of the lower
insulator layer or greater, and the heat-dissipating material
layer 1s 1n physical contact with the exposed lower wiring of

the second package substrate and an upper surtace of the first
semiconductor device.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of inventive concepts will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings 1n which:

FIG. 1 1s a side view of a semiconductor package accord-
ing to an embodiment of inventive concepts;

FIG. 2 1s a top view of a wiring pattern exposed through
a second lower mnsulator layer according to an embodiment
ol inventive concepts;

FIGS. 3A to 3C are partial top views of wiring patterns
according to other embodiments of inventive concepts;

FIGS. 4 to 7 are side views of semiconductor packages
according to other embodiments of imventive concepts;

FIG. 8 1s a side view of a package-on-package (PoP) type
package according to an embodiment of 1nventive concepts;

FIG. 9 1s a side view of a PoP type package when a second
semiconductor device 1s a single package according to an
embodiment of inventive concepts;

FIG. 10 1s a block diagram of an electronic system
according to embodiments of inventive concepts; and

FIG. 11 1s a side view of a portion of the electronic system
according to an embodiment of inventive concepts.

DETAILED DESCRIPTION

Heremaiter, embodiments of inventive concepts will be
described 1n detail with reference to the accompanying
drawings. Like reference numerals in the drawings denote
like elements, and thus their repetitive description will be
omitted.
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FIG. 1 1s a side view of a semiconductor package 100
according to an embodiment of mmventive concepts.

Referring to FIG. 1, the semiconductor package 100 may
include a first package substrate 110, a first semiconductor
device 119 mounted on the first package substrate 110, and
a second package substrate 120.

The first package substrate 110 includes a first core layer
112, a first upper insulator layer 1146 arranged at an upper
part of the first core layer 112, and a first lower insulator
layer 114a arranged at a lower part of the first core layer 112.
In addition, the first package substrate 110 may further
include first upper pads 1165 exposed through the first upper
insulator layer 1145, and first lower pads 116a exposed
through the first lower 1nsulator layer 114a.

The first core layer 112 may include at least one material
selected from among a phenol resin, an epoxy resin, and
polyimide. The first core layer 112 may include at least one
material selected from among, for example, flame retardant
4 (FR4), tetratunctional epoxy, polyphenylene ether, epoxy/
polyphenylene oxide, bismaleimide triazine (BT), ther-
mount, cyanate ester, polyimide, and a liquid crystal poly-
mer.

The first upper insulator layer 11456 through which the first
upper pads 1165 are exposed 1s provided at the upper part of
the first core layer 112. The first upper insulator layer 1145
may include, for example, a solder resist. According to some
embodiments of inventive concepts, the first upper insulator
layer 11456 may include an epoxy-based resin.

The first lower msulator layer 114a through which the first
lower pads 116a are exposed 1s provided at the lower part of
the first core layer 112. The first lower 1nsulator layer 114a
may include, for example, a solder resist. According to some
embodiments of inventive concepts, the first lower insulator
layer 114a may include an epoxy-based resin.

An external connection terminal 108 may be connected to
the first lower pads 116a. A first connection terminal 134
clectrically connecting the first package substrate 110 to the
second package substrate 120 may be connected to the first
upper pads 116b6. Each of the first lower pads 1164 and the
first upper pads 1165 may include, for example, aluminum
(Al), copper (Cu), nickel (N1), cobalt (Co), zinc (Zn), gold
(Au), silver (Ag), platinum (Pt), or an alloy thereof.

Each of the external connection terminal 108 and the first
connection terminal 134 may include a bump or a solder
ball. According to some embodiments of inventive concepts,
the first connection terminal 134 may include a conductor
pillar.

The first package substrate 110 may include a wiring
pattern 118 electrically connecting the first lower pads 1164
to the first upper pads 1165, and a conductive via 118v
clectrically connecting between the wiring pattern 118. The
wiring pattern 118 may be arranged on an upper surface, on
a lower surface and/or in the inside of the first core layer 112.
The wiring pattern 118 may include, for example, an elec-
trolytically deposited (ED) Cu foil, a rolled-annealed (RA)
Cu foi1l, a stainless steel foil, an Al foil, an ultra-thin Cu foil,
sputtered Cu, a Cu alloy, or the like.

The conductive via 118v may pass through at least a
portion ol the first core layer 112. According to some
embodiments of inventive concepts, the conductive via 118v
may include Cu, Ni, stainless steel, or beryllium Cu.

The first semiconductor device 119 may be mounted on
the first package substrate 110. The first semiconductor
device 119 may include processing circuitry such as, for
example, a logic chip such as a central processing unit
(CPU) chip, a graphics processing unit (GPU) chip, or an
application processor (AP) chip. According to some embodi-
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ments of inventive concepts, the first semiconductor device
119 may include, for example, a dynamic random access
memory (DRAM) chip, a static random access memory
(SRAM) chip, a flash memory chip, an electrically erasable
and programmable read-only memory (EEPROM) chip, a
phase-change random access memory (PRAM) chip, a mag-
netic random access memory (MRAM) chip, or a resistive
random access memory (RRAM) chip.

The first semiconductor device 119 may be connected to
the first package substrate 110 through a second connection
terminal 119¢. The second connection terminal 119¢ may
include a bump or a solder ball.

A space between the first semiconductor device 119 and
the first package substrate 110 may be filled with an undertill
matenal layer 119z encompassing the second connection
terminal 119¢. The underfill material layer 119z may
include, for example, an epoxy resin formed by a capillary
underfill method. According to some embodiments of inven-
tive concepts, the underfill matenial layer 119# may include
a non-conductive film (NCF).

The second package substrate 120 includes a second core
layer 122, a second upper insulator layer 1245 arranged at an
upper part of the second core layer 122, and a second lower
insulator layer 124a arranged at a lower part of the second
core layer 122. In addition, the second package substrate 120
may further include second upper pads 1265 exposed
through the second upper msulator layer 1245, and second
lower pads 126a exposed through the second lower 1nsulator
layer 124a.

The second core layer 122 may include at least one
material selected from among a phenol resin, an epoxy resin,
and polyimide. The second core layer 122 may include at
least one material selected from among, for example, FR4,
tetrafunctional epoxy, polyphenylene ether, epoxy/polyphe-
nylene oxide, BT, thermount, cyanate ester, polyimide, and
a liquid crystal polymer.

The second upper 1nsulator layer 1245 through which the
second upper pads 1265 are exposed 1s provided at the upper
part of the second core layer 122. The second upper insulator
layer 1245 may include, for example, a solder resist. Accord-
ing to some embodiments of mnventive concepts, the second
upper insulator layer 1245 may include an epoxy-based
resin.

The second lower insulator layer 124a through which the
second lower pads 126a are exposed 1s provided at the lower
part of the second core layer 122. The second lower insulator
layer 124a may include, for example, a solder resist. Accord-
ing to some embodiments of mventive concepts, the second
lower insulator layer 124a may include an epoxy-based
resin. This will be descried in more detail below.

The first connection terminal 134 may be connected to the
second lower pads 126a. A connection terminal of another
semiconductor device to be arranged at an upper part of the
second upper pads 1266 may be connected to the second
upper pads 12656 as described below. Each of the second
lower pads 126a and the second upper pads 12656 may
include, for example, Al, Cu, N1, Co, Zn, Au, Ag, Pt, or an
alloy thereof.

The first connection terminal 134 may 1nclude a bump or
a solder ball. According to some embodiments of inventive
concepts, the first connection terminal 134 may include a
conductor pillar.

The second package substrate 120 may include a wiring,
pattern 128 electrically connecting the second lower pads
126a to the second upper pads 1265, and a conductive via
128v electrically connecting between the wiring pattern 128.
The wiring pattern 128 may be arranged on an upper surface,
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on a lower surface and/or 1n the inside of the second core
layer 122. The wiring pattern 128 may include, for example,
an ED Cu foil, an RA Cu foil, a stainless steel foil, an Al foil,
an ultra-thin Cu foil, sputtered Cu, a Cu alloy, or the like.

The conductive via 128v may pass through at least a
portion of the second core layer 122. According to some
embodiments of inventive concepts, the conductive via 128v
may include Cu, Ni, stainless steel, or beryllium Cu.

The second lower 1nsulator layer 124a exposes the second
lower pads 126a therethrough and partially exposes the
wiring pattern 128 therethrough.

FIG. 2 1s a top view of the wiring pattern 128 exposed
through the second lower insulator layer 124a.

Referring to FIGS. 1 and 2, the wiring pattern 128 may be
directly or indirectly connected to the second upper pad
12656 and/or the second lower pad 1264a. As described above,
the wiring pattern 128 may be arranged on the upper surface,
on the lower surface, and/or 1nside the second core layer
122, but although 1t 1s shown that the wiring pattern 128 1s
formed at each of three levels, 1t will be understood by those
of ordinary skill in the art that a wiring pattern may be
tormed only at two levels, on the upper surface and the lower
surface of the second core layer 122, or formed at, for
example, four, five, six, or seven levels.

In the embodiment shown 1n FIGS. 1 and 2, an upper
wiring pattern 128 3 provided to the top level among wiring,
patterns 128 1, 128_2, and 128_3 arranged at three levels
may extend on an upper surface of the second core layer 122.
A central wiring pattern 128_2 provided to an intermediate
level among the wiring patterns 128 1, 128 2, and 128_3
arranged at the three levels may extend 1n a direction parallel
to an Xy plane inside the second core layer 122.

In addition, a lower wiring pattern 128_1 provided to the
bottom level among the wiring patterns 128_1, 128_2, and
128 3 arranged at the three levels may extend on a lower
surface of the second core layer 122 and may be located at
a different level from that of the second lower pad 126a.
That 1s, the second lower pad 1264 1s exposed without being
covered by the second lower msulator layer 124a such that
the second lower pad 126a 1s connectable to the first
connection terminal 134. A lower surface of the second
lower pad 1264, ¢.g., a surface facing the first connection
terminal 134 may be closer to the first package substrate 110
than a lower surface of the second lower insulator layer
124a, e.g., a surface facing the first semiconductor device
119.

A lower surface of the lower wiring pattern 128_1 pro-
vided to the bottom level in the second package substrate
120, e.g., a surface facing the first semiconductor device
119, may be farther from the first package substrate 110 than
or located substantially on the same plane as an upper
surface of the second lower insulator layer 124a, e.g., a
surface facing the second core layer 122.

According to some embodiments of inventive concepts, at
least some of lower wiring patterns 128_1 may be appro-
priately distributed and provided to be connected to the
second lower pads 126a. According to some embodiments
of 1nventive concepts, at least some of the lower wiring
patterns 128_1 may be arranged in a center portion of the
second package substrate 120 with a relatively wide plan
area for the purpose of a power source or the ground.

Although FIG. 1 shows that lower wiring patterns 128_1
arranged 1n the center portion among the lower wiring
patterns 128_1 are entirely exposed through the second
lower 1nsulator layer 124a all over the plan area, the second
lower msulator layer 124a may expose therethrough only a
portion of the plan area of the lower wiring pattern 128_1.
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Because the second lower insulator layer 124a may be
tformed by, for example, a silkscreen method or the like, the
second lower insulator layer 124a may be formed in any
pattern desired. Likewise, the first lower imsulator layer
114a, the first upper nsulator layer 1145, and the second
upper insulator layer 1246 may be formed in the same
mannet.

A dimension of the lower wiring pattern 128 1, exposed
through the second lower 1nsulator layer 1244, extending in
the direction parallel to the xy plane may be greater than a
dimension of the second lower pads 126a in the same
direction. According to some embodiments of nventive
concepts, a dimension W1 of the lower wiring pattern 128_1
in, for example, a first direction (x-axis direction) may be
approximately 2.5 times to approximately 100 times,
approximately 3 times to approximately 95 times, approxi-
mately 4 times to approximately 90 times, approximately 3
times to approximately 85 times, approximately 6 times to
approximately 80 times, approximately 7 times to approxi-
mately 75 times, approximately 8 times to approximately 70
times, approximately 9 times to approximately 65 times, or
approximately 10 times to approximately 60 times a dimen-
sion W2 of the second lower pad 126a in the first direction.

When the dimension W1 of the lower wiring pattern
128 1 1n the first direction 1s not suiliciently greater than the
dimension W2 of the second lower pad 126a in the first
direction, e.g., when a diflerence therebetween 1s slight,
contribution of the lower wiring pattern 128_1 to discharge
heat may be mnsuflicient as described below. On the contrary,
when the dimension W1 of the lower wiring pattern 128_1
in the first direction 1s too greater than the dimension W2 of
the second lower pad 1264 1n the first direction, a total area
of the second package substrate 120 may be inefliciently
used.

A total plan area of the lower wiring pattern 128_1 at least
partially exposed through the second lower insulator layer
124a 1s way greater than a plan area of the second lower pad
126a. Herein, the total plan area of the lower wiring pattern
128 1 indicates a plan area of the lower wiring pattern
128 1 including both a part exposed through the second
lower nsulator layer 124a and a non-exposed part.

According to some embodiments of imnventive concepts,
the plan area of the lower wiring pattern 128_1 projected
onto the xy plane may be approximately 5 times to approxi-
mately 10,000 times, approximately 10 times to approxi-
mately 9,000 times, approximately 20 times to approxi-
mately 8,000 times, approximately 30 times to
approximately 7,000 times, approximately 40 times to
approximately 6,000 times, approximately 60 times to
approximately 4,000 times, approximately 100 times to
approximately 2,000 times, or approximately 200 times to
approximately 1,000 times the plan area of the second lower
pad 126a projected onto the xy plane.

When the plan area of the lower wiring pattern 128 _1 on
the xy plane 1s not sufliciently greater than the plan area of
the second lower pad 126a on the xy plane, e.g., when a
difference therebetween 1s slight, contribution of the lower
wiring pattern 128_1 to discharge heat may be insuflicient as
described below. On the contrary, when the plan area of the
lower wiring pattern 128_1 on the xy plane 1s too greater
than the plan area of the second lower pad 126a on the xy
plane, a total area of the second package substrate 120 may
be mefliciently used.

Referring to FIG. 1, a heat-dissipating material layer 132
may be between the first semiconductor device 119 and the
second package substrate 120.
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The heat-dissipating material layer 132 may include an
arbitrary material having a higher thermal conductivity than
the second lower 1nsulator layer 124a, ¢.g., a composition in
which insulating 1norganic particles are dispersed 1n a poly-
mer matrix. According to some embodiments of inventive
concepts, the morganic particle may be a metal oxide, a
metalloid oxide, a metal nitride, or a metalloid nitride.

The thermal conductivity of the heat-dissipating material
layer 132 may be approximately 2 times or more, approxi-
mately 5 times or more, approximately 10 times or more,
approximately 15 times or more, approximately 20 times or
more, or approximately 30 times or greater than the thermal
conductivity of the second lower insulator layer 124a. When
the thermal conductivity of the heat-dissipating material
layer 132 1s too low, an ellect of discharging heat generated
from the first semiconductor device 119 may be insuilicient.
There 1s no particular upper limit of the thermal conductivity
of the heat-dissipating material layer 132, but the upper limait
of the thermal conductivity of the heat-dissipating material
layer 132 may be within, approximately 1,000 times the

thermal conductivity of the second lower insulator layer
124a.

According to some embodiments of mventive concepts,
the thermal conductivity of the heat-dissipating material
layer 132 may be within a range of approximately 0.5
W/m-K to approximately 20 W/m-K, approximately 1.0
W/m-K to approximately 18 W/m-K, approximately 1.5
W/m-K to approximately 16 W/m-K, approximately 2.0
W/m-K to approximately 14 W/m-K, approximately 2.5
W/m-K to approximately 12 W/m-K, approximately 3.0
W/m-K to approximately 10 W/m-K, or approximately 3.5
W/m-K to approximately 8 Wm-K.

The polymer matrix may include, for example, an epoxy
resin, polyimide, polyester, polystyrene, polyethylene tere-
phthalate, high-density polyethylene, low-density polyeth-
ylene, polyurethane, polybenzoxazine, polyvinylidene fluo-
ride (PVdF), or the like but 1s not limited thereto.

The 1nsulating 1norganic particle may include, for
example, silica, a silicon nitride, a silicon carbide, alumina,
titania, zircoma, ceria, an aluminum nitride (AIN), a boron
nitride (BN), nano-diamond, or the like but 1s not limited
thereto. The 1nsulating 1norganic particle may increase the
thermal conductivity of the heat-dissipating material layer
132 and may be, for example, an arbitrary inorganic particle
having a thermal conductivity of 20 W/m'K or more and
having an excellent mixing property with the polymer
matrix.

A content of the msulating inorganic particles 1n the
heat-dissipating material layer 132 may be approximately 20
volume % to approximately 85 volume %. According to
some embodiments of inventive concepts, the content of the
insulating iorganic particles 1n the heat-dissipating material
layer 132 may be approximately 25 volume % to approxi-
mately 80 volume %, approximately 30 volume % to
approximately 75 volume %, approximately 35 volume % to
approximately 70 volume %, approximately 40 volume % to
approximately 65 volume %, or approximately 45 volume %
to approximately 60 volume %.

When the content of the insulating inorganic particles in
the heat-dissipating material layer 132 1s too low, the ther-
mal conductivity may be too low to make a suflicient
heat-dissipating eflect. When the content of the insulating
inorganic particles in the heat-dissipating material layer 132
1s too high, processability may be bad, and the dispersibility
of the inorganic particles may be bad, thereby making

manufacturing dithcult.
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As shown 1n FIG. 1, the heat-dissipating material layer
132 1s 1n contact with the lower surface of the lower wiring
pattern 128_1 and also 1s 1n contact with an upper surface of
the first semiconductor device 119. Heat generated from the
first semiconductor device 119 may be transferred to the
heat-dissipating material layer 132 and then quickly trans-
terred to the lower wiring pattern 128_1.

According to the related art, 1n a moving path of the heat
generated from the first semiconductor device 119, the
existence of the second lower msulator layer 124a between
the first semiconductor device 119 and the lower wiring
pattern 128_1 acts as a bottleneck which decreases heat
transier ethiciency. In other words, according to the related
art, because the lower wiring pattern 128_1 is covered by the
second lower 1nsulator layer 1244, the heat transferred from
the first semiconductor device 119 1s necessarily transierred
to the lower wiring pattern 128_1 through the second lower
insulator layer 124a. In this case, because the thermal
conductivity of the second lower insulator layer 124a 1is
extremely low as approximately 0.15 W/m-K to approxi-
mately 0.25 W/m-K, the second lower imsulator layer 124a
acts as a bottleneck in heat transfer.

In the embodiment shown 1n FIG. 1, because the first
semiconductor device 119 1s thermally directly connected to
the lower wiring pattern 128 1 through the heat-dissipating
material layer 132 having a relatively high thermal conduc-
tivity, the embodiment shown in FIG. 1 may have a better
heat-dissipating characteristic compared with the related art.

The heat-dissipating material layer 132 may come 1n
contact with not only the lower wiring pattern 128_1 but also
the lower surface of the second lower 1nsulator layer 124a.
Furthermore, the heat-dissipating material layer 132 may
partially come 1n contact with the second lower pads 126a.
In this case, the heat generated from the first semiconductor
device 119 may sequentially pass through the heat-dissipat-
ing material layer 132 and the second lower pads 126a and
be discharged through the lower wiring pattern 128 1 pro-
vided to another bottom.

According to some embodiments of inventive concepts,
the heat-dissipating material layer 132 may encompass a
side surface of the first connection terminal 134 by a first
height h. According to some embodiments of inventive
concepts, a side surface of the heat-dissipating material layer
132 may be aligned to be substantially coplanar with a side
surface of the first package substrate 110. According to some
embodiments of 1nventive concepts, the side surface of the
heat-dissipating material layer 132 may be aligned to be
substantially coplanar with a side surface of the second
package substrate 120. According to some embodiments of
inventive concepts, the side surface of the heat-dissipating
material layer 132 may be exposed to the outside of the
semiconductor package 100.

According to some embodiments of imventive concepts,
an encapsulation layer 139 may be further provided between
the heat-dissipating material layer 132 and the first package
substrate 110. That 1s, with respect to a remaining height of
the first connection termmal 134 excluding the first height h,
the encapsulation layer 139 may encompass the side surface
of the first connection terminal 134.

The encapsulation layer 139 may include a polymer
material such as an epoxy molding compound (EMC). The
encapsulation layer 139 may not include such inorganic
particles as mixed in the heat-dissipating material layer 132.

FIG. 3A 1s a partial top view of a wiring pattern 1284
according to another embodiment of inventive concepts. The
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wiring pattern 128aq partially shown 1n FIG. 3A corresponds
to a central region of the second package substrate 120 of
FIG. 2.

Referring to FIG. 3A, the wiring pattern 128a may have
a mesh shape. That 1s, the wiring pattern 1284 may include
a plurality of horizontal extension parts 1284 (also referred
to as first extension portions) extending in a horizontal
direction of FIG. 3A. In addition, the wiring pattern 128a
may include a plurality of vertical extension parts 128ve
(also referred to as second extension portions) extending in
a vertical direction of FIG. 3A. The plurality of horizontal
extension parts 128/2¢ and the plurality of vertical extension
parts 128ve may intersect with each other, thereby generally
forming the mesh-shaped wiring pattern 128a.

The second lower insulator layer 124q partially shown 1n
FIG. 3A may have an opening 1240 to expose the wiring
pattern 128a therethrough. The opening 1240 may be
encompassed by a first part 124al of the second lower
insulator layer 124a.

The wiring pattern 128a¢ may include a plurality of
perforated portions 128p passing through the wiring pattern
128a by the whole thickness. Islands of the second lower
insulator layer 124a may be arranged on the perforated
portions 128p, and the 1slands may form a second part 124a2
of the second lower insulator layer 124a.

That 1s, the opening 1240 may be defined by the first part
12441 and the second part 12442. It will be understood by
those of ordinary skill in the art that the whole plan area or
only a partial plan area of the wiring pattern 128a¢ may be
exposed through the opening 124o0.

FIG. 3B 1s a partial top view of a wiring pattern 1285
according to another embodiment of inventive concepts. The
wiring pattern 1285 partially shown 1n FIG. 3B corresponds
to the central region of the second package substrate 120 of
FIG. 2.

Referring to FIG. 3B, the wiring pattern 1285 may have
a tlat plate shape. In this case, a second lower insulator layer
124a' may have a plurality of openings 1240 through which
the wiring pattern 1285 1s partially exposed. The plurality of
openings 1240 may be arranged 1n a grating shape. Although
FIG. 3B shows that the opening 1240 has a circular shape,
it will be understood by those of ordinary skill 1n the art that
the opening 1240 may be formed in a different shape, e.g.,
a polygonal shape such as a triangular shape, a quadrangular
shape, or a hexagonal shape, an oval shape, or another
regular or irregular shape.

In the embodiment shown 1n FIG. 3B, the wiring pattern
1286 may be exposed only partially by the second lower
insulator layer 1244'. Therefore, the heat-dissipating mate-
rial layer 132 may come 1n contact with the wiring pattern
12856 only at portions exposed through the openings 124o0.
The second lower insulator layer 1244' may also include a
first part 124a1' which does not overlap the wiring pattern
1286 and a second part 12442' which overlaps the wiring
pattern 128b.

FIG. 3C 1s a partial top view of a wiring pattern 128¢
according to another embodiment of inventive concepts. The
wiring pattern 128¢ partially shown 1n FIG. 3C corresponds
to the central region of the second package substrate 120 of
FIG. 2.

Referring to FIG. 3C, the wiring pattern 128¢ may have
a tlat plate shape. In this case, a second lower insulator layer
124a" may have a single opening 1240 through which the
wiring pattern 1285 1s partially exposed.

In the embodiment shown 1n FIG. 3C, the wiring pattern
128¢c may be exposed only partially by the second lower
insulator layer 124q". Theretfore, the heat-dissipating mate-
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rial layer 132 may come in contact with the wiring pattern
128¢ only at a portion exposed through the opening 124o0.
The second lower isulator layer 124" may also include a
first part 124a41" which does not overlap the wiring pattern
128¢ and a second part 12442" which overlaps the wiring
pattern 128c.

FIG. 4 1s a side view of a semiconductor package 100a
according to another embodiment of 1ventive concepts.

The semiconductor package 100a shown in FIG. 4 differs
from the semiconductor package 100 described with refer-
ence to FIG. 1 in that a side surface of a heat-dissipating
material layer 132a does not extend up to a side surface of
the semiconductor package 100a. Therefore, hereinafter, the
difference 1s mainly described, and the description made
above 1s not repeated.

Retferring to FIG. 4, the heat-dissipating material layer
132a 1s not exposed to the outside of the semiconductor
package 100a. According to some embodiments of inventive
concepts, a side surface of the heat-dissipating material layer
132a may be substantially aligned with a side surface of the
first semiconductor device 119. The heat-dissipating mate-
rial layer 132a may not come 1n contact with a first con-
nection terminal 134.

In this case, a whole side surface of the first connection
terminal 134 may be encompassed by the encapsulation
layer 139.

In addition, in this case, because the heat-dissipating
matenal layer 132a does not extend from the side surface of
the first semiconductor device 119 1n a side direction, the
heat-dissipating material layer 132a does not substantially
come 1n contact with the first connection terminal 134.
Therefore, the heat-dissipating material layer 132a may
include a material having an electrical conductivity, e.g., a
metal. Therefore, the heat-dissipating material layer 1324
may include the same material as the heat-dissipating mate-
rial layer 132 described with reference to FIG. 1 or include
Cu, Al, Au, Ag, Pt, Fe, Co, N1, Zn, or an alloy thereof.
However, the heat-dissipating material layer 132a according
to the present embodiment 1s not limited thereto. In this case,
a thermal conductivity of the heat-dissipating material layer
132a may be approximately 70 W/m-K to approximately
450 Wm-K. For example, the thermal conductivity of the
heat-dissipating material layer 132a may be approximately
200 W/m-K to approximately 440 W/m-K or approximately
300 W/mK to approximately 430 Wm-K.

FIG. 5 1s a side view of a semiconductor package 1005
according to another embodiment of 1ventive concepts.

The semiconductor package 1006 shown in FIG. 5 differs
from the semiconductor package 100 described with refer-
ence to FIG. 1 in that a side surface of a heat-dissipating
material layer 13256 extends in the side direction beyond the
side surface of the first semiconductor device 119 but does
not extend up to a side surface of the semiconductor package
10056. Therefore, hereinafter, the difference 1s mainly
described, and the description made above 1s not repeated.

Retferring to FIG. 35, the heat-dissipating maternial layer
13256 1s not exposed to the outside of the semiconductor
package 1005. According to some embodiments of inventive
concepts, a side surface of the heat-dissipating material layer
1326 may not be aligned with the side surface of the first
semiconductor device 119 and may further extend 1n the side
direction beyond the side surface of the first semiconductor
device 119.

The heat-dissipating material layer 1326 may partially
come 1n contact with the first connection terminal 134.
According to some embodiments of mnventive concepts, the
heat-dissipating material layer 13256 may come in contact
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with some of a plurality of first connection terminals 134 and
may not come in contact with the other first connection
terminals 134.

When the heat-dissipating material layer 1325 1s 1n con-
tact with the some first connection terminals 134, the heat-
dissipating material layer 1325 may encompass side surfaces
of the some {irst connection terminals 134 by the first height
h. With respect to a remaining height of the some first
connection terminals 134 excluding the first height h, the
encapsulation layer 139 may encompass the side surfaces of
the some first connection terminals 134.

The whole side surfaces of the other first connection
terminals 134 not 1n contact with the heat-dissipating mate-
rial layer 1326 may be encompassed by the encapsulation
layer 139.

FIG. 6 1s a side view of a semiconductor package 100c¢
according to another embodiment of inventive concepts.

The semiconductor package 100¢ shown 1n FIG. 6 differs
from the semiconductor package 100 described with refer-
ence to FI1G. 1 1n that a heat-dissipating material layer 132c¢
1s 1n at least partial contact with the side surface of the first
semiconductor device 119. Therefore, hereinatter, the dif-
terence 1s mainly described, and the description made above
1s not repeated.

Referring to FIG. 6, the heat-dissipating material layer
132¢ may be thicker than the heat-dissipating material layer
132 1n the embodiment described with reference to FIG. 1.
Therefore, the heat-dissipating material layer 132¢ may
encompass the side surface of the first connection terminal
134 by a second height h' greater than the first height h. With
respect to a remaining height of the first connection terminal
134 excluding the second height h', the encapsulation layer
139 may encompass the side surface of the first connection
terminal 134.

The heat-dissipating material layer 132¢ may come 1n at
least partial contact with the side surface of the first semi-
conductor device 119. That 1s, a contact area of the heat-
dissipating material layer 132¢ and the first semiconductor
device 119 may be greater than a contact area in the
embodiment described with reference to FIG. 1. Accord-
ingly, the heat generated from the first semiconductor device
119 may be more quickly removed.

FIG. 7 1s a side view of a semiconductor package 100d
according to another embodiment of inventive concepts.

The semiconductor package 1004 shown 1n FIG. 7 differs
from the semiconductor package 100 described with refer-
ence to FIG. 1 1n that a heat-dissipating material layer 1324
also acts as an encapsulation layer. Therefore, heremafter,
the diflerence 1s mainly described, and the description made
above 1s not repeated.

Referring to FIG. 7, the heat-dissipating material layer
1324 may {ill 1n a space between the first package substrate
110 and the second package substrate 120. That 1s, because
the heat-dissipating material layer 1324 also acts as an
encapsulation layer, the encapsulation layer 139 in the
embodiment described with reference to FIG. 1 1s omitted.

Therelfore, the heat-dissipating material layer 1324 may
encompass the side surface of the first connection terminal
134 by the whole height of the first connection terminal 134.
In addition, the heat-dissipating material layer 1324 may
come 1n contact with at least a portion of an upper surface
of the first package substrate 110. According to some
embodiments of inventive concepts, the heat-dissipating
material layer 1324 may come 1n contact with the entire
exposed upper surface of the first package substrate 110.

In addition, a contact area of the heat-dissipating material
layer 1324 and the first semiconductor device 119 may be
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greater than the contact area 1n the embodiment described
with reference to FIG. 6. Accordingly, the heat generated
from the first semiconductor device 119 may be more
quickly removed.

FIG. 8 1s a side view of a package-on-package (PoP) type
package 200 according to an embodiment of inventive
concepts.

Referring to FIG. 8, the PoP type package 200 may
include a first package 101 and a second package 150
arranged on the first package 101.

The first package 101 may include the first package
substrate 110 and the first semiconductor device 119
mounted on the first package substrate 110. The second
package 150 may include the second package substrate 120
and a second semiconductor device 129 mounted on the
second package substrate 120.

The first package substrate 110, the second package
substrate 120, and the first semiconductor device 119 have
been described 1n detail with reference to FIG. 1, and thus,
an additional description thereof 1s omitted herein.

The second semiconductor device 129 may include pro-
cessing circuitry such as, for example, a logic chip such as
a CPU chip, a GPU chip, or an AP chip. According to some
embodiments of mmventive concepts, the second semicon-

ductor device 129 may include, for example, a DRAM chip,
an SRAM chip, a flash memory chip, an EEPROM chip, a

PRAM chip, an MRAM chip, or an RRAM chip.

The second semiconductor device 129 may be a single
chip or a single package.

When the second semiconductor device 129 1s a single
chip, a semiconductor element (e.g., chip) may be formed on
an active surface of a semiconductor substrate. In the
example shown i FIG. 8, a lower surface of the second
semiconductor device 129 may be the active surface. The
semiconductor substrate may be a silicon (S1) substrate.
According to another embodiment of inventive concepts, the
semiconductor substrate may include a semiconductor ele-
ment such as germanium (Ge), or a compound semiconduc-
tor such as a silicon carbide (Si1C), a gallium arsenide
(GaAs), an indium arsenide (InAs), or an indium phosphide
(InP).

When the second semiconductor device 129 1s a single
package, the second semiconductor device 129 may include
a separate package substrate, and a semiconductor chip may
be mounted on the package substrate. In this case, the second
package substrate 120 may be named an interposer. In
addition, a PoP 1in which the second semiconductor device
129 1s a package may be referred to as an interposer PoP or
abbreviated 1-PoP. This will be described 1n more detail with
reference to FIG. 9. The second semiconductor device 129
may be connected to the second package substrate 120
through a third connection terminal 129c¢. The third connec-
tion terminal 129¢ may include a bump or a solder ball.

When a semiconductor package according to inventive
concepts 1s used, a PoP type package capable of smoothly
discharging heat generated from a semiconductor device
may be manufactured.

FIG. 9 15 a side view of a PoP type package 200a when
the second semiconductor device 129 1s a single package.

Referring to FIG. 9, the second semiconductor device 129
may include a plurality of semiconductor chips 320 sequen-
tially stacked on a third package substrate 310. A memory
control chip 330 may be connected onto the plurality of
semiconductor chips 320. A stacked structure of the plurality
of semiconductor chips 320 and the memory control chip
330 may be sealed by an encapsulant 340 such as a ther-
mosetting resin on the third package substrate 310. Although
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FIG. 9 shows a structure in which six semiconductor chips
320 are vertically stacked, the number of semiconductor
chups 320 and a stacking direction thereof are not limited
thereto. The number of semiconductor chips 320 may be
more or less than si1x 1n accordance with circumstances. The
plurality of semiconductor chips 320 may be arranged on the
third package substrate 310 1n the hornizontal direction or
arranged 1n a connection structure 1n which vertical mount-
ing and horizontal mounting are mixed. According to some
embodiments ol mventive concepts, the memory control
chip 330 may be omitted.

The third package substrate 310 may include a flexible
printed circuit board, a rigid printed circuit board, or a
combination thereof. The third package substrate 310 may
include a substrate internal wiring 312 and a connection
terminal 314. The connection terminal 314 may be formed
on one surface of the third package substrate 310. A third
connection terminal 129¢ may be formed on the other
surface of the third package substrate 310. The connection
terminal 314 may be electrically connected to the third
connection terminal 129¢ through the substrate internal
wiring 312.

According to some embodiments of mventive concepts,
the second semiconductor device 129 may include wia
structure units 322 and 332. The via structure umts 322 and
332 may be electrically connected to the connection terminal
314 of the third package substrate 310 through a connection
member 350 such as a bump. According to some embodi-
ments of inventive concepts, the via structure unit 332 may
be omitted from the memory control chip 330.

Each of the plurality of semiconductor chips 320 may
include a system large-scale itegration (LSI) chip, a flash
memory, DRAM, SRAM, EEPROM, PRAM, MRAM, or
RRAM. The memory control chip 330 may include logic
circuits 1ncluding, for example, a senalizer/deserializer
(SER/DES) circuit and the like.

FIG. 10 1s a block diagram of an electronic system 1900
according to embodiments of inventive concepts.

The electronic system 1900 may include a memory 1910
and a memory controller 1920. The memory controller 1920
controls the memory 1910 to read data from the memory
1910 and/or write data on the memory 1910, 1n response to
a request from a host 1930. According to some embodiments
of 1nventive concepts, the memory controller 1920 may be
the first package 101 described with reference to FIG. 8, and
the memory 1910 may be the second package 150 described
with reference to FIG. 8.

FI1G. 11 1s a side view of a portion of the electronic system
1900.

Referring to FIGS. 10 and 11, the electronic system 1900
may include a mainboard 170 of the host 1930 and a PoP
package 200 mounted on the mainboard 170. The PoP
package 200 has been described with reference to FIG. 8,
and thus, the description made above 1s not repeated herein.

The mainboard 170 may include a mainboard core layer
172 and a mainboard 1nsulator layer 174 covering an upper
surface of the mainboard core layer 172. The mainboard
core layer 172 may include at least one matenal selected
from among a phenol resin, an epoxy resin, and polyimide.
The mainboard core layer 172 may include at least one
material selected from among, for example, FR4, tetrafunc-
tional epoxy, polyphenylene ether, epoxy/polyphenylene
oxide, BT, thermount, cyanate ester, polyimide, and a liquid
crystal polymer.

The mainboard insulator layer 174 may include, for
example, a solder resist. According to some embodiments of
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inventive concepts, the mainboard insulator layer 174 may
include an epoxy-based resin.

According to some embodiments of mnventive concepts,
the first package 101 and the second package substrate 120
in the PoP package 200 on the mainboard 170 may be
encapsulated by an encapsulation layer 1939. According to
some embodiments of inventive concepts, the encapsulation
layer 1939 may be formed to expose therethrough an upper
surface of the second semiconductor device 129.

While mnventive concepts has been particularly shown and
described with reference to embodiments thereot, 1t will be
understood that various changes in form and details may be
made therein without departing from the spirit and scope of
the following claims.

What 1s claimed 1s:

1. A semiconductor package comprising;

a first package substrate;

a first semiconductor device on the first package substrate,
the first semiconductor device being connected to the
first package substrate via a {irst connection terminal;

a second package substrate on an upper part of the first
semiconductor device, the second package substrate
including a conductor; and

a heat-dissipating material layer between the first semicon-
ductor device and the second package substrate, the heat-
dissipating material layer having a thermal conductivity of
approximately 0.5 W/m-K to approximately 20 W/m-K, and
the heat-dissipating material layer being in direct contact
with an upper surface of the first semiconductor device and
the conductor of the second package substrate, wherein the
second package substrate includes

a lower pad connected to the first package substrate
through a second connection terminal, the lower pad on
a lirst surface of the second package substrate facing
the first semiconductor device,

a lower wiring on the first surface of the second package
substrate, the lower wiring not connected to the first
package substrate through the second connection ter-
minal, and

a lower 1nsulator layer on the first surface of the second
package substrate, the lower insulator layer exposing
the lower pad and the lower wiring therethrough.

2. The semiconductor package of claim 1, wherein the
conductor of the second package substrate 1s the lower
wiring of the second package substrate.

3. The semiconductor package of claim 2, wherein

an exposed portion of the lower wiring 1s exposed through
an opening in the lower isulator layer, and

the heat-dissipating material layer contacts the lower
wiring over an entire area of the exposed portion of the
lower wiring exposed.

4. The semiconductor package of claim 3, wherein

the lower 1nsulator layer includes a plurality of openings
that expose a lower surface of the lower wiring, and

the heat-dissipating material layer contacts the lower
wiring through the plurality of openings.

5. The semiconductor package of claim 3, wherein the

lower insulator layer includes:

a {irst part encompassing a periphery of the opening; and

a second part 1n a form of 1slands encompassed by and
spaced apart from the first part, and

the opening 1s defined by the first part and the second part.

6. The semiconductor package of claim 1, wherein a
dimension of the lower wiring in a direction parallel to a
lower surface of the second package substrate 1s approxi-
mately 2.5 times to approximately 100 times a dimension of
the lower pad.
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7. The semiconductor package of claim 1, wherein a plan
area of the lower wiring projected onto the first surface of
the second package substrate 1s approximately 5 times to
approximately 10,000 times a plan area of the lower pad.

8. The semiconductor package of claim 7, wherein the
lower wiring includes a perforated portion passing through
the lower wiring.

9. The semiconductor package of claim 8, wherein the
lower wiring includes two or more perforated portions.

10. The semiconductor package of claim 8, wherein the
lower wiring includes:

a plurality of first extension portions extending in a first

direction; and

a plurality of second extension portions overlapping the

first extension portions and extending 1n a second
direction.

11. The semiconductor package of claim 1, wherein

the heat-dissipating material layer includes a polymer

matrix and insulating inorganic particles dispersed 1n

the polymer matrix, and

the isulating inorganic particles include at least one of a
metal oxide, a metalloid oxide, a metal nitride, and a
metalloid nitride.

12. The semiconductor package of claim 1, wherein

the heat-dissipating material layer includes a polymer
matrix and insulating 1norganic particles dispersed in
the polymer matrix, and

the 1nsulating 1norganic particles include silica, a silicon
nitride, a silicon carbide, alumina, titania, zirconia,
ceria, an aluminum nitride (AIN), a boron nitride (BN),
or nano-diamond.

13. A package-on-package (PoP) type package compris-

ng:

a first package, the first package including a first semi-

conductor device on a first package substrate, the first

semiconductor device being connected to the first pack-

age substrate via a {irst connection terminal;

a second package on an upper part of the first package,

the second package including a second semiconductor

device on a second package substrate, the second

package substrate being between the first semicon-

ductor device and the second semiconductor device,

the second package substrate including a core layer, an

upper wiring extending on an upper surface of the

core layer, a lower wirning extending on a lower

surface of the core layer, an upper insulator layer

covering the upper surface of the core layer and at

least a portion of the upper wiring, and a lower

insulator layer covering the lower surtace of the core

layer and at least a portion of the lower wiring, the

lower insulator layer at least partially exposing the

lower wiring to provide an exposed lower wiring;
and

a heat-dissipating material layer in physical contact with

the exposed lower wiring through the lower insulator

layer and an upper surface of the first semiconductor
device.
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14. The PoP type package of claim 13, further comprising;:

a second connection terminal connecting the first package
substrate to the second package substrate mn a side
direction of the first semiconductor device,

wherein the second package substrate further includes a
lower terminal in contact with the second connection
terminal at a lower part of the core layer, and

the first package substrate includes an upper terminal 1n
contact with the second connection terminal.

15. The PoP type package of claam 14, wherein the
heat-dissipating material layer encompasses a side surface of
the second connection terminal.

16. The PoP type package of claim 15, wherein a side
surface of the heat-dissipating material layer i1s coplanar
with a side surface of the first package substrate.

17. The PoP type package of claim 16, wheremn a side
surface of the second package substrate 1s coplanar with the
side surface of the heat-dissipating material layer.

18. The PoP type package of claim 13, wherein

the first semiconductor device 1s a logic chip, and

the second semiconductor device 1s a memory chip.

19. A package-on-package (PoP) type package compris-
ng:

a first package,
the first package including a first semiconductor device

on a first package substrate, the first semiconductor
device being connected to the first package substrate
via a first connection terminal,

the first package substrate including a first core layer, a
first upper pad on an upper part of the first core layer,
and a first lower pad on a lower part of the first core
layer, and

a second package on an upper part of the first package, the
second package including a second semiconductor
device on a second package substrate, the second
package substrate being between the first semiconduc-
tor device and the second semiconductor device,

the second package substrate including a second core
layer, a second upper pad on an upper part of the second
core layer, a second lower pad on a lower part of the
second core layer, a lower wiring extending on the
lower part of the second core layer, a lower 1nsulator
layer forming a lower surface of the second package
substrate while exposing the lower wiring at least
partially to provide an exposed lower wiring; and

a heat-dissipating material layer between the first package
substrate and the second package substrate,

the heat-dissipating material layer including insulating
inorganic particles dispersed 1n a polymer matrix,

a thermal conductivity of the msulating inorganic par-
ticles being 10 times a thermal conductivity of the
lower 1nsulator layer or greater, and

the heat-dissipating material layer 1s 1n physical contact
with the exposed lower wiring of the second package
substrate and an upper surface of the first semiconduc-
tor device.
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